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with the climate models employed for assessment of C02 increases. For
example, the seasonal cycles of radiation and temperature have been used
with success by a number of modelers for empirical validation (e.g.. Warren
and Schneider, 1979; North and Coakley, 1979; Manabe and Stouffer, 1980;
Hansenef fl/., 1981).

Newell and Dopplick (1979) deal with the effect of doubled CO2 in the
tropics, primarily the effect on the temperature of the tropical ocean. Holding
atmospheric parameters fixed, they calculate an increase in energy received
at the surface due to doubled CO2. Using formulas for transfer of sensible,
latent, and radiative energy from the surface, they estimate a relatively small
temperature increase for the tropical ocean. Somewhat larger increases are
computed for tropical land areas. They estimate the change in the surface
energy budget produced by the increased atmospheric moisture (resulting
from the assumed enhanced evaporation) .to be about as large as the initial
change due to CO2, doubling the effect of the CO2 itself. Nevertheless, they
project only a very small increase in low-latitude surface temperatures. As
corroboration, they cite the small temperature changes observed after the
1963 Mt. Agung eruption, which produced an increase in stratospheric
aerosols and a decrease in solar energy received at the surface. Newell and
Dopplick (1981) have also called attention to paleoclimatic data indicating
that tropical ocean temperatures have varied but little in the past, although
CO2 concentrations are known to have changed.

As suggested above, the temperature of the Earth's surface is maintained
by a balance between fluxes of sensible, latent, and radiant energy between
the surface and the overlying atmosphere. The effect of a perturbation in one
component of these fluxes can be evaluated correctly only by a complete,
internally consistent, and energy-conserving treatment. The Newell-Dopplick
arguments are faulty in this respect. To begin with, they treat the tropics in
isolation, without considering the exchange of energy with higher latitudes.
Moreover,

1. They fail to take into account satisfactorily the effects of atmospheric
changes that would accompany CO2 increase. For example:

(a) Newell and Dopplick employ formulas expressing fluxes of sensible
and latent heat from the surface in terms of differences in temperature and
vapor pressure between the surface and the near-surface air, They estimate
the sensitivity of surface temperature to increased CO2 by calculating the
increase of surface temperature needed to increase heat fluxes from the
surface sufficiently to counterbalance the additional energy input from the
atmosphere, while holding atmospheric temperature and absolute humidity
fixed. In reality, surface temperature and near-surface air conditions are
closely coupled by means of these same fluxes, so that a given change in